Abstract
Three hundred and thirty six forensic necropsy specimens of large bowel were examined in order to identify subject related variables that independently predicted the following adenoma characteristics: presence, size (largest), multiplicity and high grade dysplasia. The variables were age, gender, body mass index, race (European origin versus Maori/ Polynesian) and presence of hyperplastic (metaplastic) polyp(s). Subjects included 303 New Zealanders of European origin (M= 185, F= 118) yielding 149 adenomas and 251 hyperplastic polyps and 33 Maori/Polynesians (M=25, F=8) yielding five adenomas and one hyperplastic polyp. Independent predictors of adenoma presence as determined by regression analysis were age (p=0.0001), presence of hyperplastic polyps (p=0.0001) and male gender (p=0 05). Models were poor at explaining variation in size, multiplicity, and dysplasia. Larger adenomas occurred more frequently in subjects with multiple adenomas (p=0.03) and multiple adenomas were probably associated with hyperplastic polyps (p=009) and male gender (p=0-09) in Europeans. High grade dysplasia was more frequent in women (p=0.05) and possibly in subjects with hyperplastic polyps (p=0.2). Body mass index and ethnicity did not predict any adenoma characteristics, but hyperplastic polyp prevalence was influenced by European origin (p=0.04) and to a lesser extent by body mass index (p=0.08) as well as presence of adenoma (p=0.0002) and age (=0.005). The association of hyperplastic polyp with presence, multiplicity but not size of adenoma and with a high risk group for colorectal cancer (New Zealanders of European origin) suggests that the hyperplastic polyp serves as a marker for a factor which influences neoplastic evolution at the stages of initiation/transformation but not promotion. Fifty nine per cent of individuals with adenoma(s) did not have hyperplastic polyp(s), emphasising that the last would serve only as a marker of populations and not individuals at high risk ofbowel cancer. Low intracolonic butyrate may be the factor linking the expression ofthe two types ofpolyp.
(Gut 1992; 33: 1508-1514) It is generally accepted that the majority of adenocarcinomas of the large bowel arise in pre existing adenomas.' 2 Necropsy studies provide an opportunity to ascertain baseline data concerning the distribution of adenomas in a particular group of patients or populations at differing risk of bowel cancer. 12 Nevertheless, necropsy studies have been few and many have been unsatisfactory. Early reports did not distinguish clearly between adenomas and hyperplastic polyps,"'8 yet continue to be cited in contemporary reviews. 16 Considerable interobserver variation in histological diagnosis is described in a major multicentre study.8 In one survey, most small rectal polyps were assumed to be hyperplastic, without histological verification.6 It is often impossible to determine if marked interstudy differences are genuine or the result ofnonstandardised techniques. Finally, hospital necropsy series are highly selected and weighted towards an elderly population.
Although some necropsy studies have recorded the distribution of particular adenoma characteristics such as size and multiplicity, there has been little or no attempt to identify predictors ofthese features. Not only are size and multiplicity related to malignant risk, but they may be associated with factors implicated in the aetiology of bowel cancer. Thus multiplicity may reflect background level of mutagenic activity, whereas size may be influenced by the presence of growth promoting factors, while the ability to produce adenomas at all may be determined by genetic constitution. 7 The aim ofthis study was to determine the profile of variables linked independently to colorectal adenoma frequency, multiplicity and size in a forensic necropsy series. The variables were age, sex, race (European versus Maori and Polynesian), obesity and presence of hyperplastic (metaplastic) polyps. Through this approach it may be possible to derive some indication of the stage at which individual aetiological factors act in the evolution of the adenoma-carcinoma sequence. Table VI show more adenomas in the ascending and transverse colon (49%) in women than men (36%), the difference is not significant. In view of the older age of women harbouring adenomas in this study, a logistic regression analysis was used to determine the factor influencing the site of the adenomas. Site of adenoma (categorised as proximal colon (ascending colon+ transverse colon+ descending colon) and distal colon (sigmoid colon+rectum)) was used as the dependent variable with age and gender as the independent variables. The sample size was 154. Only age (p=0 007) was found to be significantly related to the site distribution for adenomas. This means that the difference in the site distribution between men and women seen in Table VI is probably because of the effect of the older female population.
Methods
Only 2% of hyperplastic polyps occurred proximal to the sigmoid colon in men, compared with 26% in the female sample (Table VII) . The site ofan adenoma was found to influence the size to which it grew (Table VIII) . It was found that adenomas attained a larger size in ascending colon, sigmoid colon, and rectum. There was no relationship between the site of the adenoma and the presence or absence of coexisting hyperplastic polyps (p=0 5) in a subject.
SIZE AND GRADE OF POLYPS
Each adenoma was grouped by size as <5 mm, 5-10 mm, and >10 mm. There was no signifi- To determine factors influencing the formation of multiple adenomas logistic regression analysis was used with the number of adenomas per subject (one, two and three plus) as the dependent factor and age, sex, body mass index and the presence of hyperplastic polyps as the independent variables. The sample size was 72 as only Europeans were included in the analysis. The presence of hyperplastic polyps (p=O0O9) and the gender of the subject (p=O0O9) had a relatively significant effect on the number of adenomas, meaning that if the subject was male and had at least one hyperplastic polyp, there was an increased probability of multiple adenomas.
In seeking factors influencing the size of the largest adenoma, a linear regression was used, with the size of the largest adenoma as the dependent variable and age, sex, race, body mass index, presence of hyperplastic polyps and the number of adenomas as the independent variables. The total sample was 76, as subjects without adenomas were removed. The number of adenomas per subject (p=003) was found to influence the size of the largest adenoma. The direction of the difference was that the greater the number of adenomas within an individual, the more likely they were to have a large adenoma. Hyperplastic polyps showed no association with adenoma size (p=0 9).
INFLUENCE OF PATIENT DETERMINED VARIABLES UPON HYPERPLASTIC POLYPS
To predict factors influencing the presence of hyperplastic polyps, a logistic regression was used, with the presence of hyperplastic polyps as the dependent variable and age, sex, race, presence ofadenomas and body mass index as the independent variables. The sample size was 336. Presence of adenomas (p=00002), age (p=0 005), race (p=0 04), and to a lesser degree body mass index (p=0 08) were shown to make a significant contribution to predicting the presence of hyperplastic polyps. Thus older, overweight caucasians harbouring adenomas were more likely to have hyperplastic polyps.
A logistic regression was used to determine factors which influenced the formation of multiple hyperplastic polyps. The number of hyperplastic polyps per person was grouped as 1-5, 6-10, and 10+ and these groups were used as the dependent variable, with age, sex, race, and body mass index as the independent variables. The sample size was 65 as all those without hyperplastic polyps were removed from the analysis. Age, sex, race, and body mass index were found to have no significant effect on the formation of multiple polyps.
Discussion
The ratio of yield of adenomas to hyperplastic polyps (1:1-6) is the resultant of the roughly similar 'prevalence' ( Factors associated with the occurrence of adenomas in the necropsy survey were age, presence of hyperplastic polyps and male gender but not ethnicity or body mass index. The age effect346'0 and association with men-"' is well known. The gradually increasing prevalence beyond the age of 50, however, does not match the exponential increase in the incidence ofbowel cancer itself with age. Thus the steps involved in the generation of adenomas are few and some may be inherited, whereas time is a more critical factor in the multiple stepwise evolution of cancer. It is notable that a logistic regression analysis of a retrospective colonoscopic series also identified age, hyperplastic polyps and male gender as predictors of adenoma presence. 28 The lack of an association with adenoma presence and ethnicity is of interest given the lower incidence of bowel cancer among Maori and Polynesians.29 Although the number of Maori and Polynesians specimens is small, logistic regression analysis is highly sensitive to differences among small samples. Other necropsy studies have also reported on a similar prevalence of adenomas among populations at differing risk of developing bowel cancer,79 although the general trend is for adenoma frequency to be correlated with bowel cancer incidence.48 The overall findings indicate that factors implicated in the evolution of adenoma and carcinoma overlap, but are not identical. Thus factors operating in particular sites within the large bowel and within populations at high risk of bowel cancer must serve to transform adenoma to carcinoma, yet are not required for the generation of adenomas.
The regression analysis to determine factors associated with adenoma size excluded gender, age, ethnicity, and body mass index, but showed the presence of multiple adenomas to be a predictor. This was also noted in the National Polyp Survey.27 Overall, the model was poor at explaining adenoma size, indicating the involvement of other factors, either hereditary or environmental, in adenoma growth.
This study showed no statistically significant relationship with multiplicity of adenomas and age (Table X) . Although more individuals aged 60-79 years had two or more adenomas than those younger than 60, this trend did not continue with the 80+ age group. Although earlier necropsy studies have described a relationship between multiplicity of adenomas and age,7' data have not been previously subjected to statistical analysis. While the lack of a significant result may reflect insufficient numbers, the negative finding is of interest. Thus, if each adenoma represents a focus of initiation caused by an environmental mutagen, a very clear relationship would be expected between multiplicity and age.
The fact that this is not the case raises the possibility of an important confounding factor, such as a genetic predisposition to the development of multiple adenomas. Indeed, there is evidence that adenomas occurring apart from the syndrome offamilial adenomatous polyposis may develop on the basis of a constitutional tendency." Logistic regression analysis showed the lack of an association between multiplicity and body mass index and ethnicity as well as age, but indicated hyperplastic polyps (p=0.09) and gender (p=009) as probable predictors of multiplicity in Europeans. Thus men with at least one hyperplastic polyp were more likely to have multiple adenomas.
Previous necropsy studies have shown the tendency ofadenomas and hyperplastic polyps to occur within the same specimen, although this has not been analysed in detail. In one multicentre survey, subjects with adenomas were 3 5 times more likely to have a hyperplastic polyp as those without.8 Others found only a slight association and dismissed this as an age effect.6 In the last study, however, only 168 of 574 alleged hyperplastic polyps were diagnosed histologically. It is in colonoscopically derived material that the association between hyperplastic polyps and adenomas has been highlighted and the value ofdistal hyperplastic polyps as markers for proximal adenomas explored.8 30 31 The percentage of adenoma positive specimens among hyperplastic polyp positive (47.7%) and hyperplastic polyp negative (16.8%) specimens is remarkably similar to two colonoscopic surveys,283' although differs somewhat from a third.30 A prospective colonoscopic survey that specifically addresses the role ofdistal hyperplastic polyps as markers for proximal adenomas does not find the hyperplastic polyp to be a clinically useful predictor.32 The last study, however, does not contradict the significant coexpression of the two lesions. Of further interest is the tendency for metachronous adenomas to occur most frequently in patients with multiple adenomas and hyperplastic polyps. 33 Although adenomas and hyperplastic polyps frequently occur together, they markedly differ in their distribution within the large bowel (Table V) , in the clearer association between prevalence of adenoma with both age and male gender (Tables I, II ) and in their prevalence ratios in various populations (see above).
Hyperplastic polyps rarely exceed 5 mm in diameter and are generally acknowledged to be non-neoplastic. The The enzymatic changes (indicative of a switch from aerobic to anaerobic metabolism) and the distal location of hyperplastic polyps suggest the possibility of an underlying nutritional lack. Butyrate, formed normally by the fermentation of plant fibre and starch in the ascending colon is the main energy source for the colonocyte. 4 Concentrations of this short chain fatty acid are lowest in the distal colon" and this would be exacerbated in populations taking a low fibre diet. Hyperplastic polyps (and closely related mucosal alterations) occur in sites that are prone to mild ischaemia through prolapse, that is, the mucosa surrounding cancers, the middle third of the rectum, in association with the solitary rectal ulcer syndrome and on the crests of mucosal folds.45 Mild ischaemic damage may result in evanescent erosions that heal rapidly through epithelial regeneration. In the background of relative butyrate deficiency that is now coupled to an increased requirement for energy, hyperplastic epithelium appears to adapt by switching to anaerobic methods ofmetabolism. This may in turn block the use of a butyrate, which is then free to alter the cell's programmed pattern of differentiation. Butyrate is known to promote maturation and differentiation of malignant cells in vitro46 and will presumably act similarly on non-neoplastic proliferating cells that are unable to metabolise the chemical in the usual way. The overall result will be a hyperplasia followed by an early and exaggerated maturation, that is, exactly the picture that occurs in hyperplastic polyps.
In conclusion, the findings of the study indicate hyperplastic polyps to be a marker of an environmental factor that increases the rate of initiation/mutagenesis but does not influence promotion. This is based on the inference that presence and multiplicity of adenomas serve as signals of mutational events whereas size is an indicator of tumour promotion. Furthermore hyperplastic polyps serve as markers for high risk populations, but not individuals. The relation between hyperplastic polyps and adenomatous dysplasia is unclear and warrants further study. There are numerous hypotheses linking a low fibre diet and enhanced mutagenesis. It is possible also that low levels of butyrate might augment the conversion of adenomas to carcinoma by exerting selection pressures that would favour the emergence of more resilient clones. 
